G. I. Yawson, R. G. Huntsman, and J. S. Metters samples (Daland and Castle, 1948) . The unsealed slides were incubated for 30 minutes at 37°C. ELECTROPHORETIC 
TECHNIQUES
Each sample was converted into haemolysate following the method described in the ACP Broadsheet no. 33 (Lehmann and Ager, 1965) . The following electrophoretic techniques were employed.
Paper electrophoresis A vertical tank and Tris buffer pH [8] [9] (Cradock- Watson, Fenton, and Lehmann, 1959) were used.
Cellulose acetate electrophoresis The method of Kohn (1969) was used with a discontinuous barbitone-Tris buffer (Graham and Grunbaum, 1963) . Electrophoresis was conducted for one hour at 350 V and subsequently the cellulose acetate was fixed in a solution of 5% sulphosalicylic acid in 3 % trichloracetic acid for about one hour before staining with benzidine (Smith, 1968) .
Vertical starch gel electrophoresis The gel was made from Electrostarch (Electrostarch Co., Madison, Wisconsin, USA) and poured into a Boyer tray (Buchler Instruments, New Jersey, USA). The haemolysate was converted to 2 g % cyanmethaemoglobin solution before electrophoresis by dilution of the haemolysate in a potassium cyanide-potassium ferricyanide solution. The EDTA, boric acid, NaOH buffer used for the tray and the tanks were as described by Jonxis and Huismann (1968) and the postelectrophoretic orthotolidine staining was as described by Huehns (1968) .
Agar gel electrophoresis The buffer solutions described by Robinson, Robson, Harrison, and Zuelzer (1957) and the method described by Marder and Conley (1959) From left to right: 1 normal cord blood; 2 S trait; 3 sickle-cell anaemia; 4 adult S trait control.
The trace of haemoglobin anodol to HbA in the S trait sample (no. 2) represents y4 (Bart's). the sickle trait were falsely reported as negative. The samples from Ghana were, because of age, found unsatisfactory for the sickling test. ELECTROPHORESIS Paper Figure 1 demonstrates the electrophoretic pattern from cord blood of the newborn children with varying forms of sickle-cell disease and also HbC trait and HbC disease.
Cellulose acetate Figure 2 shows the electrophoretic pattern of cord blood from a normal baby and babies with sicklecell trait, a sickle-cell thalassaemia, sickle-cell anaemia, and sickle-cell haemoglobin C disease with an adult sickle-cell trait control.
Vertical starch gel Figure 3 shows the electrophoretic pattern from cord blood of a normal baby and babies with sickle-cell trait and sickle-cell anaemia and an adult sickle-cell trait control. The results of 50 samples examined showed 17 normal cases, 24 cases of sickle-cell traits, three of sickle-cell anaemias, one of sickle-cell thalassaemia, and one of sickle-cell HbC disease. In addition there were three samples with HbC trait and one with HbC disease.
It was possible to confirm the diagnosis in 28 of the 38 London cord blood samples by a later haematological examination. Two of the three cases of sickle-cell anaemia, the case of sickle-cell thalassaemia, and that of HbC disease were all confirmed. In 22 cases it was possible also to examine the fathers, and in these cases the diagnosis of the baby was compatible with the parental haemoglobin pattern.
No follow-up or family study was possible on the 12 samples received from Ghana, which included the case of sickle-cell HbC disease and one case of sickle-cell anaemia.
Discussion
About 70 % of the total cord blood haemoglobin is HbF. The differentiation between a normal baby and a baby with the haemoglobin disorders investigated in this paper depends on the recognition of the constituent haemoglobins making up the residual small adult fraction. These constituents are shown in the Table. A recommended technique for the diagnosis of (Schneider, Alperin, and Lehmann, 1967) . Previous workers (Diggs, Ahmann, and Bibb, 1933; Watson, 1948) found the sickle test unreliable in cord blood, but these authors did not use a reducing agent. However, Schneider and Haggard (1955) using metabisulphite as a reducing agent, found that sickling was detectable in 8-3 % of American Negro cord bloods. This figure is similar to the level of sickling found in American Negro adults (Diggs et al, 1933) and suggests that in their hands the sickling test was probably reliable in cord blood samples.
In our hands, and provided the sample was less than 24 hours old, it was possible after careful scrutiny to predict correctly if cord blood samples contained any HbS. It was not possible to differentiate sickle-cell anaemia from the sicklecell trait and it was common for many fields to be searched before a single sickle cell was found. It is therefore not surprising that whilst the sickling test may be useful to confirm the presence of HbS, the small numbers of sickle cells present make it unwise to rely upon sickling as a screening procedure, when, in any case, HbC disease would not be detected.
Paper electrophoresis using a Tris buffer system was successful in reliably demonstrating sickle haemoglobin in all cases in this survey. Our findings are at variance with those of Schneider and Haggard (1955) who found paper electrophoresis unreliable when used to detect HbS in cord bloods. However, this was probably due to the use of a different buffer system, the Tris buffer system used in this survey being particularly capable of detecting minor haemoglobin fractions. Figure 1 shows that a paper electrophoretic system is incapable of differentiating the sicklecell trait from sickle-cell anaemia and also HbC trait from HbC disease. Figure 2 shows that cellulose acetate electrophoresis is capable of differentiating normal cord samples from cord samples with sickle-cell trait and sickle-cell anaemia. The presence of HbS and HbC was always obvious but in our hands the separation between HbF and HbA is inadequate and this makes it difficult to recognize the absence of HbA. Older specimens (eg, the sickle-cell haemoglobin C sample) tend, by blurring, to make the distinction even harder. The differentiation between sickle-cell anaemia and sickle-cell trait, which depends upon the absence or presence of HbA, may therefore be difficult with cellulose acetate. Figure 3 shows that the starch gel system employed is capable of distinguishing HbF, HbA, and HbS. Whereas HbC separates clearly, HbS separates relatively poorly from HbF. In addition, the absence of HbA may be difficult to recognize if the pattern is blurred as in old samples. Experience in interpretation appears to be necessary.
Figures 4 and 5 show that agar gel electrophoresis is capable of differentiating all the sickling diseases encountered in this survey as well as HbC trait and HbC disease. Figure 5 shows that it is possible to differentiate some cases of sicklecell thalassaemia from sickle-cell anaemia, by the detection of HbA in the former condition. However, as HbA is not detectable in all cases of sickle-cell thalassaemia (Weatherall, Clegg, NaNakorn, and Wasi, 1969) a diagnosis in some 4
cases cannot be made without a family study.
Occasionally, particularly in overloaded gels, benzidine-staining material may be found at the point of application after the electrophoretic run. So that this does not cause confusion, it is essential in a satisfactory separation that the HbA should be on the cathodal side and HbS on the anodal side of the point of application. Marder and Conley (1959) Fessas (1965) and has been used by Centa and Sciarratta (1967) to follow up a sickle-cell trait baby from birth to 6 months old. On a larger scale Van Baelen, Vandepitte, and Eeckels (1968) If one only examines the cord bloods of babies with sickle-positive mothers, one would expect, in a community with a 20% sickling rate, that over 50 % of the babies would have the sickle-cell trait and approximately 5 % sickle-cell anaemia. If cord bloods of all babies are examined, about 20% of babies would have the sickle-cell trait and approximately 1 % sickle-cell anaemia. Particularly in the latter case, in order to eliminate the high percentage of normal cord bloods, it appears desirable to adopt an initial rapid screening procedure to detect the presence of HbS.
Two of the techniques considered, paper and cellulose acetate electrophoresis, are potential screening procedures because they are capable of rapidly and reliably detecting HbS in cord blood samples. Of these two techniques, paper electrophoresis is the cheaper and requires less operational skill.
If large numbers of cord blood samples are to be examined for sickle-cell and HbC diseases, the most suitable technique appears to be an initial screening with paper electrophoresis. All samples where HbS and HbC are detected are subsequently submitted to agar gel electrophoresis.
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